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Introduction
   Only last year, the August 25, 2008, morning edition 
of the Nikkei reported that material and electronics 
companies would accelerate efforts to recycle 
used materials in response to the worldwide rise in 
resource prices. It is still fresh in our memories how 
rising material prices caused companies to begin 
emphasizing the use of recycled materials such as 
steel, aluminum, and paper and led to a rise in scrap 
prices and to an increase in imports and exports of 
scrap. However, the financial crisis that followed 
slowed down the world economy and changed the 
situation completely. For instance, the market price for 
steel scrap fluctuated erratically: the price per ton of 
steel scrap was almost 70,000 yen in July 2008, but by 
November 2008, it had plummeted to temporarily fall 
below the 10,000 yen mark.[1] Such drastic changes 
in material prices may devastate the commercial 
collection routes of paper, scrap, and other materials, 
and such changes are not favorable for maintaining 
a stable recycling system. Fortunately, however, the 
material industries continue to play a major role in 
commercial recycling, as will be discussed below. 
Recycling requires a number of steps: collection, 
sorting (including dismantlement), and the actual 
recycling. Various recycling laws are now in effect, 
and we are able to obtain relatively abundant 
information about the initial steps of collecting and 
sorting. However, it seems that little attention has been 
paid to the actual recycling step. This article discusses 
the recycling step. 
   Material industries use substantial amounts of 
materials recycled from waste, but, as it will be 
discussed below, the percentage of recycled materials 
in final products is not particularly high. For example, 
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only about 24% of steel materials consist of scrap 
collected from the market, and the percentage has 
not changed very much.[2] Since little steel is lost 
during the recycling process, the amount of scrap is 
proportional to the accumulated amount of steel found 
in products in Japan. Therefore, if steel production 
continues steadily and the amount of steel in products 
accumulates, in the future it may be possible for scrap 
materials to feed most of the demand for steel despite 
small losses due to import/export or final disposal. 
However, there still seems to be a long way to before 
this stage is reached.
   The demand for materials is rising in developing 
countries, but the supply is limited, thus, prices will 
inevitably rise in the long run. There will also be 
more cases where the supply for some materials, 
such as rare metals, will suppress production. Thus, 
for the economic advantages as well as for resource 
security, it is desirable that the portion of recycled 
materials in products increases and that imports of 
raw materials decrease. This article attempts to show 
the current state of material recycling by using some 
typical materials as examples, in order to understand 
why the ratio of recycled materials in products 
has not increased and to suggest directions for the 
future. There are many factors that hinder recycling, 
including economic trends, laws and regulations, and 
other social systems. However, many of these issues 
are beyond this author’s expertise, and thus, I will 
mainly discuss the technological factors that hinder 
recycling. 
   Here, I would like to define some terms needed 
for the discussion below. Normally, when we 
discuss recycling, recycling rates (recycle ritsu [also 
saishigenka ritsu, saishohinka ritsu]) are often used. 
The recycling rate usually indicates the recycled 
quantity versus the quantity of waste. In case of home 
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appliances, it is the ratio of the weight of parts or 
materials that were recycled versus the total weight 
of the original appliance. This definition is useful 
when we discuss the collection of waste or the reuse 
of parts. However, the definition is not very useful 
for the material industries because they use waste 
as materials, and the recycling rate can always be 
close to 100% if we only look at what comes out and 
goes into the factory. Therefore, this article uses the 
material recycling rate (also often referred to as the 
recycling rate) as an indicator of how much recycling 
is conducted in the material industries. The material 
recycling rate indicates the percentage (on average) of 
scrap or other recycled materials used in products.
   Additionally, the Waste Disposal and Public 
Cleansing Act defines waste as undesired objects 
that carry no monetary value, and as such, scrap and 
other materials that the material industries accept are 
not, in that sense, waste if they carry monetary value. 
However, generally speaking, scrap is often called 
waste and may also be called different things by 
generators and acceptors of waste. Thus, this article 
calls objects that are no longer in use waste, waste 
products, or scrap. The Basic Act for Establishing a 
Sound Material-Cycle Society extended the definition 
of waste to include previously used objects and 
byproducts, among which useful items are considered 
recyclable resources. Therefore, I believe that it is 
acceptable to call things that have monetary value 
waste, if only in this article. 
Characteristics of Recycling 
Conducted by the Mater ia l 
Industries
   Some developing countries extensively reuse waste 
products, and Japan also used to do so during the 
Edo period (1603-1867)[3] and this trend continued to 
some extent until the period of high economic growth 
in the 1950’s. However, this was not because there 
was a superior waste treatment system during the 
Edo period. Rather, reclaimed articles had sufficient 
commercial value due to relatively lower standards of 
living. As such, reuse of resources became widespread. 
Nevertheless, as the economy developed, Japan shifted 
to (and still is) a mass production and mass disposal 
economy. Recently, in response to the establishment of 
the Basic Act for Establishing a Sound Material-Cycle 
Society and various recycling laws, Japan finally began 
to strongly promote recycling. Surprisingly, however, 
it is not widely known that recycling of a wide variety 
of materials has been conducted to a large extent 
even within the mass production and mass disposal 
economy following the period of high economic 
growth. 
   Characteristics of recycling conducted by the material 
industries include the facts that recycling basically 
depends on market mechanisms, including collection 
routes, and that the quantity of recycled materials is 
substantial (there are cases where generators instead of 
acceptors of waste have to pay for recycling depending 
on the market). Such economic-based mass recycling 
is possible because, firstly, ferrous, nonferrous, and 
other metal scrap and used paper almost maintain their 
original state and their essential characteristics are 
unchanged after they are used in products (physical 
reason), and secondly, the recycling processes are 
almost the same as the normal production processes. 
The recycling processes for waste and the production 
processes using ores and other natural resources are 
said to be extremely similar.[4] That is to say:
Recycling: 
Collection → separation → cleansing (refining) → 
shaping
Material production from raw materials: 
Procurement →  separation →  cleansing (refining) 
→  shaping
   Each corresponding process is almost the same and 
only the collection and the procurement processes are 
different. Of course, each basic technology in each 
process has been improved for different raw materials, 
but the flow of the overall processes is extremely 
similar. Thus, by being able to accept a substantial 
amount of waste without having to alter the production 
processes, the material industries are able to control the 
increase in costs associated with changes in materials 
and to conduct economic-based recycling. The volume 
of recycled materials will be discussed later.
Recycling Laws and the Material 
Industries
   PET bottles, aluminum cans, and paper are often 
consumed individually, and they can be easily 
recycled if they are not mixed with other materials. 
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For example, if we only remove a cap and a label 
(which are made from different materials) from a 
PET bottle, almost pure PET resin is left. However, in 
general, most waste is made out of several materials. 
Japan boasts large automobile and home appliance 
industries, but these products are assembled from 
parts, each made out of different materials. Therefore, 
disassembly is required between collection and 
sorting. Waste treatment businesses had been in 
charge of disassembling these products. However, 
various recycling laws (Act on the Promotion of 
Sorted Collection and Recycling of Containers and 
Packaging, Law for Recycling of Specified Kinds of 
Home Appliances, Act on Recycling, etc. of End-of-
Life Vehicles, Law for the Recycling of Construction 
Materials, Law for the Promotion of the Utilization 
of Recyclable Food Resources) now require 
manufacturers to be responsible for disassembling 
certain products according to material. 
  In the case of waste home appliances (air 
condit ioners, cathode ray tube televisions, 
refrigerators, and washing machines [clothes driers 
and flat-screen televisions were also included in 
April 2009]), some 48 recycling plants were working 
throughout Japan (as of 2007) to disassemble and sort 
these waste products in response to those recycling 
laws.[5] As Table 1 suggests, the number of waste 
products collected is substantial, and the recycling 
rates (saishohinka ritsu; same as saishigenka ritsu) are 
very high. However, targets are set for these recycling 
rates, and therefore, there are cases where recycling 
is conducted without regard for profits. Additionally, 
increases in illegal dumping, the treatment of 
used products in countries importing them, and 
other concerns have been expressed concerning 
the recycling laws. As Table 2 suggests, however, 
disassembly and separation under the recycling laws 
requires sorting by material, and thus works very well 
as a preprocessing step for recycling conducted by the 
materials industry. 
Unit Air Conditioners TVs Refrigerators Washing Machines
Number of Appliances Collected 
at Designated Collection Centers [Thousands] 1,890 4,613 2,725 2,884
Number of Appliances Treated 
(Recycling, etc.) [Thousands] 1,872 4,542 2,724 2,879
Weight of Appliances Treated 
(Recycling, etc.) [Tons] 78,715 134,283 159,763 94,101
Weight of Appliances Recycled [Tons] 68,861 115,563 116,683 77,231
Recycling Rate [%] 87 86 73 82
Unit Air Conditioners TVs Refrigerators
Washing 
Machines
Steel [Tons] 23,729 13,881 68,435 40,755
Copper [Tons] 5,076 4,951 1,994 1,240
Aluminum [Tons] 8,634 73 325 612
Mixed Materials of Nonferrous 
and Ferrous Metals, etc. [Tons] 24,453 1,199 20,188 12,915
Glass from Cathode Ray Tubes [Tons] ― 68,269 ― ―
Plast ic and Other Organic 
Materials ＊ [Tons] 6,969 27,190 25,741 21,709
Total Quantity [Tons] 68,861 115,563 116,683 77,231
＊ Plastic and Other Organic Materials
Table 1 :  Recycling of Four Types of Home Appliances (Fiscal 2007)
Prepared by the STFC based on Reference[5]
Table 2 :   Recycling of Parts and Materials from Four Types of Home Appliances (Fiscal 2007)
Prepared by the STFC based on Reference[5]
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Current State of and Factors 
Hindering Recycling Led by 
Material Industries
   It will not be surprising if scrap materials can 
feed most of the demand in the future for ferrous 
and nonferrous metals and other materials whose 
quality does not change much during the recycling 
process. Realizing a higher material recycling rate 
is considered basically desirable because it should 
reduce imports and save energy. As discussed later, 
however, apart from the fact that the cumulative 
amount decreases via the import/export of products 
and scrap, the fraction of recycled waste in products 
must be limited in some cases for quality or technical 
reasons. In this part I use steel, aluminum, and paper, 
typical examples of material industries, to show the 
current state of recycling and what technical factors 
are preventing higher material recycling rates. 
4-1  Current State of Steel Recycling
   Figure 1 shows changes in the percentage of scrap 
from the market (as opposed to factory scrap) used in 
crude steel production and in materials.[2] It is clear 
what is in factory scrap, and therefore, it is often 
melted as-is for use or returned to shaft furnaces or 
converters. In fiscal 2006, total crude steel production 
was approximately 110 million tons, and the amount 
of scrap from the market was 26 million tons (about 
24% compared to crude steel production), which was 
almost equal to the ratio of steel produced in electric 
furnaces to total steel production. Additionally, there 
are no clear statistics on the amount of scrap including 
factory scrap, but it is thought that it is over 50 
million tons and the material recycling rate (including 
factory scrap) is about 45%. Since it is clear what is in 
factory scrap, it should be easy to recycle. Therefore, 
when promoting recycling, it is more important to 
improve the recycling rate for scrap from the market. 
Incidentally, waste generation in Japan is more closely 
related to the amount of steel used, or the cumulative 
amount of steel, than crude steel production. Some 2 
to 3% of the amount of steel used in Japan is said to 
become waste. Currently, the cumulative amount of 
steel is more than 1.3 billion tons, of which about 2% 
becomes waste. As such, the waste generation rate is 
gradually declining.
4-2   Factors Hindering Steel Recycling
   There are two different ways to make steel: one 
is to have ore, limestone, and other raw materials 
treated in shaft furnaces and converters; and the other 
is to mainly have scrap treated in electric furnaces. 
Waste products from the market are mostly treated in 
the latter way. Steel produced in shaft furnaces and 
converters is used mainly for high-quality products 
that have strict requirements as to their components, 
such as thin and thick plates for cars. Some scrap is 
used for these kinds of products, but they are mostly 
made from ore. In contrast, most steel produced in 
electric furnaces is used for small steel bars and steel 
wires for construction that have high component 
tolerances. Since strict component control is not 
needed for these products, the required performance 
can be obtained from properly separated scrap. Using 
scrap and raw materials for different purposes is also 
commonly seen in the production of other materials 
such as nonferrous metals like aluminum and paper. 
This is sometimes called cascade recycling. 
   Scrap from the market is not used for production 
in shaft furnaces and converters because it contains 
small amounts of elements that are hard to separate 
(called tramp elements) and which remain in products. 
For example, scrap from the market includes copper 
from electric wires, etc. from old products, but a 
higher density of copper makes products crack easily 
at the time of processing. As such, the amount of 
copper in steel products is strictly limited. Table 
3 indicates the tolerance limits for copper in steel 
products.[6] The current steel making method using 
shaft furnaces and converters cannot separate copper 
from iron. Thus, the amount of scrap from the market 
that is put into shaft furnaces and converters has 
to be kept low. To solve the issue, it is necessary to 
develop technology to eliminate copper and other 
tramp elements during production and technology to 
eliminate tramp elements from scrap. 
   Another tramp element issue is that rare metals 
(such as manganese, chrome, molybdenum, and 
niobium) used as alloy constituents for high-strength 
steel and other products cannot be collected, and 
thus, these valuable resources become slag and are 
lost[7]. Currently, it is difficult to separate and collect 
elements that are present in small amounts through 
the sorting and refining processes. It will be necessary 
to find a way to sort and recycle materials containing 
many alloy constituents (in other words, high-quality 
4
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steel products) when we generate scrap. The domestic 
demand is shifting toward high-quality steel products, 
and thus, solving the issues concerning tramp 
elements will become more important.
4-3   Recycling of Aluminum
   Production of aluminum from bauxite and other 
types of ore requires substantial amounts of electricity. 
In contrast, the energy needed for recycling aluminum 
is only about 3% of that needed for producing 
aluminum. As such, the significance of recycling 
aluminum is very high. Because electricity is 
expensive in Japan, only small amounts of aluminum 
are domestically produced from ore. Most aluminum 
products produced in Japan are made from imported 
metals and scrap. There is no quantitative data on the 
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Table 3 :  Copper Tolerance in Steel Products
Prepared by the STFC based on Reference[6]
Figure 1： Steel Production and Recycling
Prepared by the STFC based on Reference[2]
Steel Product Grade
Tolerance Limit Actual Value Product
Copper (%) Copper (%) 1 Million Tons Production Method
・Deep-Drawing Steel Sheet/
High-Quality Thin Steel Sheet
・Stee l  Shee t  fo r  T inp la te /
Surface Treated Steel
≦ 0.06
≦ 0.06
0.02~0.03
34.3
Mainly Shaft FurnaceHot-Rolled Steel Sheet/
M e d i u m - T h i c k  t o  T h i c k 
Plate,Steel Pipe
≦ 0.10
25.3
Cold-Rolled Thin Steel Sheet/
Thin Sheet in General ≦ 0.10
Shaped Steel /Rol led Steel 
Product for Machine Structure ≦ 0.30 0.20~0.35 23.7
Mainly Electric FurnaceShaped Steel /Rol led Steel 
Product for Machine Structure ≦ 0.40 0.25~0.50 16.8
Special Steel 0.35/0.40 0.08~0.13 ―
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material recycling rate of aluminum, but, based on the 
material flow analysis[8] conducted by the Japan Oil, 
Gas and Metals National Corporation (JOGMEC), 
the rate is estimated to be approximately 28% (alloy 
produced from scrap was 1.189 million tons and 
the total domestic demand was 4.229 million tons 
according to the 2006 data). The rate is surprisingly 
low for a material that is easy to recycle and for which 
the advantages of recycling are great. 
    In contrast, according to the data on the recycling 
of aluminum cans[9] shown in Figure 2, the recycling 
rate is very high, at more than 90%. This is probably 
because municipal governments and companies 
conduct thorough collection and sorting. The data also 
suggests that the material recycling rate for general 
aluminum scrap can be very high if collection and 
sorting are conducted properly.
4-4  Factors Hindering the Recycling of 
Aluminum
   Aluminum production can be divided into two 
types: production of rolled products, such as mold 
materials to be used for sheets and sashes; and 
production of aluminum alloy, the constituents of 
which are adjusted for use in die casts and the like. 
Like steel, the cascade recycling process is common 
for aluminum. Imported metals and factory scrap (and 
used cans, etc.) are mainly used for rolled products, 
which have strict requirements for performance. Scrap 
is mainly used for aluminum alloy. A large fraction 
of aluminum sashes become scrap, and these sashes 
contain magnesium. The amount of magnesium in the 
sashes can exceed the tolerance rate for die cast alloy, 
and thus, the amount needs to be adjusted. Normally, 
it is difficult to adjust the amount of magnesium only 
by sorting and combining scrap containing different 
constituents. Therefore, taking advantage of the fact 
that chlorine reacts more quickly with magnesium 
than with aluminum, chlorine gas is blown into 
melted aluminum, or chlorine-based flux is used, 
to isolate magnesium in the form of magnesium 
chloride. Unlike the case of steel, a technique to 
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separate a tramp element in aluminum alloy, namely 
magnesium, has been established. However, the use 
of chlorine generates dioxins, creating another issue. 
Furthermore, in addition to magnesium, there are 
other minor constituents in scrap, and therefore, it is 
essential to develop further techniques to, for example, 
remove other minor constituents in order to produce 
high-purity aluminum products from scrap.
   Recently, the use of high-quality aluminum products 
(containing alloy constituents made from rare metals) 
has been increasing in cars and other products. If 
these aluminum products are melted as-is (as alloy 
materials), these rare metals are lost, creating issues 
similar to those with steel. It is also essential to 
find a way to sort aluminum products when they 
are disassembled and to recycle high-performance 
products using a different route.  
  
4-5  Recycling of Other Nonferrous Metals 
   In addition to aluminum, recycling of other 
nonferrous metals is also being actively conducted 
and I would like to discuss it briefly. The material 
recycling rates were calculated based on JOGMEC 
data[8]. 
1)  Copper
   Unlike aluminum, constituents are not adjusted 
when making copper alloy. Thus, electric wires, 
bronze, and brass are individually melted for the next 
use. The material recycling rate is approximately 
28% (scrap: 768,000 tons; products: 2.748 million 
tons; 2006). Printed circuit boards, wires in home 
appliances, and other products used in small units are 
difficult to recycle. This issue is common to any kind 
of material. 
2)  Lead 
   Lead is mostly used for batteries. The material 
recycling rate is relatively high at around 33% (lead 
scrap: 83,000 tons; metal production: 255,000 tons; 
2006). Tubular lamp glass for cathode ray tubes 
contains a high level of lead but is recycled as glass 
and is not included in the calculation here. Liquid 
crystal televisions have become very popular and 
the demand for cathode ray tubes has been dropping 
rapidly. As such, it will be difficult to recycle tubular 
lamp glass for the same use. Therefore, it is essential 
to find a way to separate lead from glass or to use it in 
another way. 
3)  Zinc
   Zinc is mostly used for coating and is mainly 
recycled from exhaust from electric furnaces for 
steel. The material recycling rate is about 16% (scrap, 
etc.: 108,000 tons; metals: 655,000 tons; 2006). Brass 
contains zinc, but it is often melted together, and as 
such, zinc in brass is not included in the calculation 
here.
4)  Rare Metals
   Recycling of rare metals from cell phones and 
information devices has also been actively conducted. 
Looking at worldwide recycling of metals from 
circuit boards, etc., reveals that only precious metals 
such as gold and platinum are recycled. However, 
Japanese companies have inherited techniques to 
refine ore containing complicated constituents, such 
as black ore, and now have techniques to recycle not 
only those precious metals but also other rare metals. 
Rare metal mines are located only in a few countries. 
As such, considering resource security, it will be 
necessary to promote rare metal production through 
recycling. As discussed earlier, it will be essential 
to develop techniques to collect rare metals not only 
from products like cell phones but also from materials 
containing different constituents, such as steel and 
aluminum. 
4-6   Recycling of Paper
    Figure 3 shows the state of paper recycling.10] Pulp, 
the main constituent of paper, cannot be recycled into 
high-quality paper when the fiber becomes short. 
As such, unlike metals, paper can only be recycled a 
number of times. Therefore, paper recycling needs to 
be looked at differently. The material recycling rate 
(percentage of recycled pulp content in paper) has 
been gradually increasing, and it is now more than 
60%. The industry is aiming to achieve 62% in 2010. 
Considering the necessity to supplement worn pulp, 
this rate is very high and is approaching the limit 
under the current circumstances. However, looking at 
different types of paper, the rate varies considerably: 
93% for cardboard, 75% for newspaper, and 53% 
for paper for sanitary use. The average of the rates 
excluding the rate for cardboard is 38%. 
4-7  Factors Hindering Paper Recycling 
  The chemical pulp production process in 
papermaking mainly aims to, by using chemicals, 
remove lignin, which acts as glue to hold pulp together 
in wood. The mixed substance of removed lignin and 
the chemicals is called black liquor. Black liquor is 
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burned in order to be recycled, as well as to generate 
electricity and to use the steam. Shortened fiber pulp 
and unnecessary inflammables in used paper can 
be used as energy, but the total quantity of black 
liquor decreases. Therefore, as the material recycling 
rate increases, the consumption of fossil fuel also 
increases. The paper industry has been conducting 
efforts to reduce the consumption of fossil fuel by, 
for example, improving the processes and increasing 
the use of biomass. However, considering the issue 
of energy supply and the necessity of supplementing 
worn pulp, it is not necessarily rational to ask for 
100% recycled paper. This is definitely different 
from the recycling of metals. What is similar to the 
recycling of metal scrap is that impurities mixed into 
collected waste paper become an obstacle to recycling. 
Additionally, used paper containing short fiber pulp 
and impurities is recycled into cardboard, which 
has low quality requirements. As such, it is close to 
cascade recycling. 
   Limits to improving the material recycling rate in 
paper pulp have depended mainly on the decreased 
strength of recycled paper due to deteriorated pulp 
fiber. Recently, however, demand for paper has been 
increasing in emerging countries, and Japanese paper 
manufacturers now have to use low-quality waste 
paper. Impure substances that are difficult to remove 
(such as ink, adhesives, printed materials containing 
UV ink, colored paper, carbon paper, and non-carbon 
paper) are the cause of lower material recycling rates. 
Since the recycling of cardboard has almost reached 
its limit, in order to enhance the material recycling 
rate further, it is essential to eliminate impurities 
(including when collecting waste paper) as well as 
to improve technology to remove impurities during 
the papermaking process[11] Separating copy paper 
and print paper containing small impurities from 
magazines, packages, and other miscellaneous paper 
will further lead to the improvement of the material 
recycling rate. These efforts are already being 
conducted to some extent.
4-8  The Contribution of Recycling to the 
Environment
   Recycling enables us to use the same materials again 
and again, ultimately reducing the amount of waste to 
be disposed of. At the same time, the use of recycled 
materials (domestic resources) can reduce imports of 
materials as well as the amount of energy required for 
production. When one considers the other advantages 
of recycling, such as reducing adverse environmental 
impact in countries producing resources and reducing 
the energy used for long-distance transportation, it is 
apparent that the use of recycled materials should be 
increased. 
   Furthermore, due to the high production capacity 
SigmaPlot図
年度
1988 1990 1992 1994 1996 1998 2000 2002 2004 2006
生
産
量
・
使
用
量
 (
10
0万
ト
ン
）
10
15
20
25
30
35
リ
サ
イ
ク
ル
率
 (
%)
30
40
50
60
70
80
紙・板紙生産
古紙消費
リサイクル率
P
ro
du
ct
io
n 
an
d 
U
se
 (1
 M
ill
io
n 
To
ns
)
R
ec
yc
lin
g 
R
at
e 
(%
)
Fiscal Year
Production of Paper andCardboard
SigmaPlot図
年度
1988 1990 1992 1994 1996 1998 2000 2002 2 04 2006
生
産
量
・
使
用
量
 (
10
0万
ト
ン
）
10
15
20
25
30
35
リ
サ
イ
ク
ル
率
 (
%)
30
40
50
60
70
80
紙・板紙生産
古紙消費
リサイクル率
Consumption ofRecycled Paper
Recycling Rate
Figure 3： Changes in Paper Recycling
Prepared by the STFC based on Reference[10]
30
S C I E N C E  &  T E C H N O L O G Y  T R E N D S
per factory, the material industries (which play a 
leading role in the latter steps of recycling) can often 
conduct very effective waste treatment by using only 
small fractions of materials from different waste 
products as part of materials or fuel. For example, steel 
manufactures accept substantial amounts of waste 
plastic products and feed them into shaft furnaces or 
use them after restoring chemical substances in coke 
furnaces, contributing to reducing the use of coal. 
In addition, aluminum alloy manufacturers are the 
largest users of restored fuel oil such as lubricating oil, 
and the paper industry has introduced solid fuel (RPF) 
derived from waste plastic products. Therefore, the 
material industries can make various contributions to 
the environment. 
   Table 4 shows the use of waste by the cement 
industry, one of the material industries.[12] Cement 
production basically does not produce waste, and most 
waste brought in from outside is used as materials or 
fuel. The amount of such waste is quite substantial. 
Without the cement industry, industrial wastes, 
especially the ones that are toxic and difficult to be 
disposed of, could not be treated. Other material 
industries are also expected, taking advantage of 
their own characteristics, to develop technologies that 
contribute to treating waste unrelated to their own 
products and to ultimately improve a business culture 
that is now easily affected by the market. 
Further Promotion of Material 
Recycling
    
    The material industries are already using 
substantial amounts of recycled materials on a 
commercial basis. Thus, to further improve the 
material recycling rates, considerable effort will be 
required. From a long-term perspective, it is very 
beneficial to promote recycling for the conservation 
of the environment and energy. However, simply 
aiming to increase the resource recycling rate might 
Item Use 2003 2004 2005 2006 2007
Blast Furnace Slag Raw Material, Admixture Material 10173 9231 9214 9711 9304
Coal Ash Raw Material, Admixture Material 6429 6937 7185 6995 7256
Sewage, Sludge Raw Material 2413 2649 2526 2965 3175
Waste Soil from 
Construction Raw Material 629 1692 2097 2589 2643
By-Product Gypsum Raw Material (Ad-in Material) 2530 2572 2707 2787 2636
Cinder (Excluding Coal 
Ash), Soot, Dust
Raw Material, 
Thermal Energy 953 1110 1189 982 1173
Nonferrous Slag, etc. Raw Material 1143 1305 1318 1098 1028
Casting Sand Raw Material 565 607 601 650 610
Steel Mfg. Slag Raw Material 577 465 467 633 549
Waste Plastic Thermal Energy 255 283 302 365 408
Wood Chips Raw Material, Thermal Energy 271 305 340 372 319
Recycled Oil Thermal Energy 238 236 228 249 279
Waste Oil Thermal Energy 173 214 219 225 200
Waste White Clay Raw Material, Thermal Energy 97 116 173 213 200
Bota Raw Material, Thermal Energy 390 297 280 203 155
Waste Tires Raw Material, Thermal Energy 230 221 194 163 148
Meat and Bone Powder Raw Material, Thermal Energy 122 90 85 74 71
Others 378 452 468 615 565
Total 27564 28780 29593 30890 30720
Amount of Use per ton of Cement (kg/t)  401 400 423 436
Note 1: “Others” includes waste acid, waste alkali, waste paper, waste glass and ceramic, concrete and brick fragments, RDF, etc.
Note 2: “Amount of Use per ton of Cement” indicates amounts of wastes and by-products used as materials,thermal energy sources, 
or admixture materials in order to produce one ton of cement.
Table 4 :  Waste Materials Used in Cement Production
Prepared by the STFC based on Reference[12]
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lead to higher production costs and lower product 
competitiveness, higher energy consumption, or loss 
of valuable rare metals.
   Material recycling can be divided into a number 
of subtypes: upgrade recycling where high-grade 
material is reproduced from recycled material; 
closed-loop recycling where mostly the same 
material is collected for recycling (for example, 
cans to cans); and cascade recycling where waste 
products are only recycled into low performance 
materials.[4] Upgrade recycling is usually difficult to 
do for technical and economic reasons. Therefore, 
as discussed in Chapter 4, cascade recycling is 
common. However, there is an increasing demand 
for high-quality materials, creating a mismatch 
between supply and demand. This may eventually 
cause material recycling rates to stop improving. 
While it may be difficult to achieve soon, from a 
long-term perspective, it is necessary to create a 
system where closed-loop recycling for high-grade 
materials is also common, as well as to develop 
technology to make upgrade recycling possible to 
some extent. The market will probably determine 
the optimal fractions of closed-loop, upgrade, and 
cascade recycling. However, scrap materials and 
products also depend on the market, and thus, it 
will be necessary for administrative bodies to guide 
the direction to a certain extent. Furthermore, it 
is essential to create a social system and develop 
technology to flexibly respond to the constantly 
changing market. Creating a legal framework 
(similar to the recycling laws) will be needed, 
especially for the development of a social system. 
   I would now like to point out some technological 
issues regarding the future development of material 
recycling, including the technological conditions 
that hinder recycling as suggested above.
  
1) Necessity of Developing Technology to 
Improve Material Recycling Rates
   As discussed in the previous chapter, upgrade 
recycling (where high-grade materials are produced 
from recycled materials) faces many obstacles in 
terms of technological development. In the case of 
steel, it will be necessary to develop technology to 
remove tramp elements such as copper from scrap, 
to develop an iron making method that includes a 
process to separate tramp elements, and to develop 
technology to produce high-quality products even 
with tramp elements. The circumstances are very 
similar for nonferrous metals and paper. Research 
and development is needed for sorting and production 
technology. Sorting technology will be discussed in 2) 
below, but the development of low technology tends 
to be emphasized because it costs less and is easy to 
work on. Therefore, funding is essential to nurture 
new ideas for sorting technology at universities and 
public research institutions. The development of 
production technology should be basically conducted 
by companies, but administrative bodies also need 
to be involved in setting goals to encourage those 
activities. 
2) Necessity of Developing Products That are 
Easily Recycled
   The recycling laws target products that are 
assembled or are made from different materials. 
As such, steps such as disassembly, sorting, and 
separation are required. Normally, after products are 
disassembled, they are roughly sorted by material, 
and crushed and separated. High-quality materials 
are returned to the material industries for recycling 
and the rest is permanently disposed of. Many 
companies have begun efforts to design their products 
to be easily disassembled and separated.[13,14] The 
greatest advantage of adopting extended producer 
responsibility (EPR) into the recycling laws is that 
producers are led to develop products that can be 
easily treated after they become waste. It is the 
private sector that can play a role in developing 
such products, but there is a gap in awareness even 
among companies in the same industry. Therefore, 
progress made by pioneering companies should be 
shared and goals should be established through the 
initiative of the public sector.  
    New ideas for technology for use in disassembly 
and separation have emerged. For example, the 
following technologies have been proposed: the 
wearing of power suits (an application of robotics) 
to remove wire harnesses from cars; technology that 
uses shape-memory alloy to hold parts together and 
permits quick disassembly by heating them; and 
technology to put a decomposition catalyst in plastic 
and liquefy plastic through heating to remove it. 
Some proposals are close to practical implementation. 
It depends on how good such ideas are to some 
extent, but it is essential to improve the system to 
evaluate and nurture these kinds of proposals made 
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at research institutions and venture companies so that 
new ideas for technology will not be lost. 
3) Necessity of Technology to Make Sorting 
after Disassembly Easy
   To make closed-loop recycling common, it is 
expected that there will be cases where materials 
need to be assessed after dissolution or disassembly. 
In the case of industrial waste, a control manifest for 
industrial waste indicating its contents is attached. 
However, the information is not sufficient for sorting 
materials. There are also cases where manifests are not 
attached if the waste is not industrial or has monetary 
value and is bought by a waste collecting business. It 
is essential to be able to assess materials accurately 
in order to further develop recycling. There may be 
different solutions, but if different components are 
marked or IC-tagged with necessary information about 
their materials, it will be remarkably easier to sort 
them. Considering how global the distribution of goods 
is, it is essential to try to make such an information 
system a global standard. Thus, the public and the 
private sectors need to work together. IC tags for waste 
treatment are already being tried and tested. However, 
they only substitute for manifests, or their use is limited 
to tracking at the time of transport. It will be necessary 
for industry and academia to work together to consider 
applying them to sorting and verifying the effects. 
Conclusion
   Aside from dissipation or disappearance during 
collecting or recycling processes or import/export, 
treatment efficiency in each recycling process has 
its limit. Therefore, not only paper, but also steel 
and nonferrous metals naturally have limits in terms 
of material recycling rates. However, the current 
material recycling rates have been kept lower than 
their limits due to various hindering factors other 
than treatment efficiency. In the long term, it would 
be very beneficial to promote recycling further for 
the conservation of both the environment and energy. 
As such, it is essential to improve material recycling 
rates even through small efforts. Currently, there 
are many issues to be solved. Looking at recycling 
conducted by the material industries, for example, 
there are issues concerning tramp elements, losses 
of rare metals, and the mismatch between supply 
and demand due to increasing demands for high-
quality materials. To suggest a direction for solving 
these issues, this article pointed out the necessity to: 
establish a system where closed-loop recycling is 
common, like cascade recycling; develop technology 
to conduct more upgrade recycling; develop products 
easily disassembled for recycling; and develop 
technology to support recycling. Recycling involves 
waste generators, industries conducting collection 
and disassembly, and users of recycled materials. 
Therefore, the material industries cannot determine a 
long-term strategy by themselves. It will be essential 
for industries, academia, and governments to work 
together with each playing its own role to conduct 
research and development. Administrative bodies, 
residents, and industry also need to continuously 
discuss how recycling should be conducted and do 
what they can. It is also essential for governments to 
lead the private sector toward long-term goals. 
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